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Examination of the early course of the reaction revealed4 the existence of a sixminute latent period which precedes the appearance of the first new infectious strands and which is accompanied by an "eclipse" of the initiating templates as infectious entities. A detailed analysis5-7 of the early events in the latent period was made possible by the use of electrophoretic separation in acrylamide gels. 8' 9 In these experiments the input RNA was labeled with H3 and the newly synthesized product with p32, permitting a simultaneous examination of both. The data obtained indicate that all of the first product synthesized is initially associated with H3-templates in complexes possessing the properties of Hofschneider'0 structures (HS). Subsequently Franklin" structures (FS) appear containing template and product. Soon after the formation of FS complexes, mature Q13-RNA molecules are found.
Further insight into the nature of the Qf3-replicase reaction has been gained from the demonstration'2 that guanosine 5'-triphosphate (GTP) is the first subunit added. This may be related to the poly G polymerase observed'3 14in Q,8-replicase preparations, an activity which has been shown'4 to be associated with one of the two protein components required for complete synthetic function by Qf3-replicase.
The rapidity with which information is being generated by study of the Qf3-replicase reaction makes it desirable to begin a more detailed chemical analysis of the Qi3-RNA molecule, with the ultimate aim of obtaining its complete sequence.
Partial degradation of RNA with endonucleases has been used in studies leading to the elucidation of the primary structure of sRNA.'5' 16 This technique has also been applied to the fragmentation of ribosomal RNA's;"'-19 and of 5S RNA using20 alkylated ribonuclease.
In principle these procedures can be applied to any homogeneous population of RNA molecules. We report here a technique for the production of two specific fragments from the RNA of the coliphage QB. 21 (d) Molecular weight and size determinations: The molecular weights of the fragments were estimated from the distribution of radioactivity between the fragments after partial fragmentation of RNA uniformly labeled with P32-orthophosphate. Since there was no loss in acid-precipitable counts during the reaction, the percentage of radioactivity found in each fragment is directly proportional to its molecular weight. To correct for breakdown of the large fragment, the radioactivity was measured in both the large and the small fragment in six different reactions where the fragmentation varied from 53 to 83%. The resulting data were then extrapolated to zero fragmentation of the large fragment.
Sedimentation coefficients of the fragments were determined by mixing isolated P32-labeled fragments with H'-labeled bulk RNA from E. coli and centrifuging through sucrose gradients as described in section (b) above. Fractions were precipitated with cold 5% trichloroacetic acid (TCA), filtered onto membrane filters (Schleicher and Schuell, B-6), washed with 5% TCA, dried, and the radioactivity determined in a liquid scintillation spectrometer.
(e) Reaction with H3-iso-nicotinic hydrazide: Q3-RNA was coupled with H3-iso-nicotinic hydrazide by a modification of the procedure of Hunt.25 Qi3-RNA was suspended in 0.1 M sodium acetate buffer, pH 5.2, at a concentration of 1 mg per ml. A 100-fold molar excess of sodium metaperiodate was added and incubated for 30 min at0OC. The oxidized RNA was precipitated with 2.5 vol of cold absolute ethanol, centrifuged, dried, and resuspended at the original concentration in fresh buffer. A 500-fold excess of H3-iso-nicotinic hydrazide (200 ;&c/.umole; Nuclear-Chicago Corp.) was added and the reactants incubated for 60 min at 250C. The RNA was precipitated twice with 2.5 vol of ethanol to remove most of the excess iso-nicotinic hydrazide. The RNA was then purified by centrifugation through sucrose gradients as described above, isolated, precipitated with ethanol, and resuspended in 0.2 M Tris-HCl, pH 8.5, for fragmentation. The fragmentation of the RNA, isolation of the fragments, and radioactivity measurements were carried out as described for unlabeled RNA ( §b).
Results.-(a) Fragmentation of Q3-RNA: The course of the fragmentation reaction is shown in Figure 1 . It is clear that, under the conditions described, the initial cleavage ofQ,3-RNA by pancreatic RNase occurs almost exclusively in a very restricted region of the strand to produce two fragments. At higher concentrations of ribonuclease or after more prolonged digestions, further degradation is observed, especially of the initial large fragment. The products of this more extensive breakdown are approximately the same size as the original small fragment, but are heterogeneous as can be seen by the increasing width of the peak in the small fragment region of Figure1C. (b) Base composition of the fragments: The base composition of the fragments and whole Qf3-RNA are given in Table 1 . The base compositions of both fragments are similar to that of the whole RNA.
(c) Molecular weights and sizes of the fragments: The molecular weight of whole Qf-RNA has been determined by light scattering to be 1 X 106 daltons.23 After correction for secondary breakdown of the large fragment, it was found that the large fragment constituted 68 per cent of the original strand and the small fragment 11.56 PROC. N. A. S.
VOL. 58, 1967 BIOCHEMISTRY: BASSEI, AND SPIEGELMAN Sedimentation coefficients for the large and the small fragments are 22S and 14S, respectively. The combined sedimentation patterns of isolated fragments and bulk E. coli RNA provided three markers with known sedimentation coefficients the 3'-terminal nucleotide is shown in Figure 3 . The specific activity of the unfragmented RNA is unchanged by the fragmentation reaction. The major proportion of the radioactivity in the lighter region of the gradient coincides with the large fragment. The specific activity of this fraction is approximately 30 per cent higher than that of the unfragmented fraction, in good agreement with the increase expected on the basis of coupling to a strand approximately two thirds as large as whole Q,8-RNA. The secondary breakdown of the large fragment into smaller pieces of approximately the same size as that of the original small fragment creates some "noise" in this region of the gradient. The radioactivity in the small fragment region is clearly polydisperse, and there is no peak coincident with that of the small fragment. Furthermore, the specific activity in this region is much lower than even that of the whole Q,8. On these grounds one can definitely identify the large fragment as the carrier of the 3'-end of the original strand.
Discussion. 28 It has further been shown29 that the molecules must be intact for significant activity to occur. A careful examination of the limited reaction mediated by the two fragments singly and in combination should illuminate the nature of the recognition mechanism. Because of the polycistronic character of the phage genome,30 studies of the template activity of fragments can provide information about the mechanism of translation of complex message RNA. Knowledge of the orientation of the fragments in the original strand provides a method for the determination of the sequence of cistrons in the complete strand. A preliminary report of experiments along these general lines has been reported recently.3' Summary.-RNA from Qfl-phage is broken into two specific fragments by treatment with very low concentrations of pancreatic RNase. The larger fragment has a molecular weight of approximately 6.8 X 105 and a sedimentation coefficient of 22S. The smaller fragment has a molecular weight of 3.2 X 105 and a sedimentation coefficient of 14S. The base composition of both fragments is similar to that of complete strands of Q13-RNA. The orientation of the fragments in the complete strand was determined by specific coupling of H3-iso-nicotinic hydrazide with the 3'-hydroxy-terminal nucleotide of the complete strand followed by fragmentation. The distribution of the radioactivity in the fragments showed that the large fragment was derived from the portion of the Qj strand containing the 
